Introduction
Junin virus is the aetiological agent of Argentine haemorrhagic fever, the clinical symptoms of which include haematological, neurological, cardiovascular, renal and immunological alterations. The mortality rate may be as high as 30~, but early treatment with immune plasma reduces this to less than 2~ (Maiztegui et al., 1979; Enria et al., 1986) . A wide variation in the annual number of cases in Argentina occurs, ranging from 100 to 4000. Since its recognition in the early 1950s, the disease has spread from an area of 16000 km 2 to an area greater than 120000 km 2 of the richest farming land in the country, with a population of approximately 2 million . The major rodent hosts for Junin virus are Calomys musculinus and C. laucha (Maiztegui, 1975) , although infection has been detected on occasion in Mus musculus, Akodon azarae and Orizomys flavescens (Sabattini et al., 1977) . The human population at risk is composed mainly of field workers, infection occurring through cuts or skin abrasions, or inhalation of dust contaminated with the urine and saliva of infected rodents. A high degree of variation in virulence and clinical pattern has been reported for different isolates of Junin virus (Maiztegui, 1975; McKee et al., 1985) .
Junin virus is a member of the New World arenavirus group or Tacaribe complex (Johnson et al., 1973; Pfau et al., 1974) . Although Junin and Tacaribe viruses have been isolated from different hosts in distant geographical locations, they exhibit a high degree of serological crossreactivity; other arenaviruses are also serologically related to each other to different extents. All members of the Arenaviridae family share morphological and biochemical properties. They are enveloped ssRNA viruses, the genome consisting of two RNA species, large (L, approximately 7 kb) and small (S, approximately 3-5 kb).
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The L RNA encodes two proteins, a large L polypeptide presumed to be the RNA polymerase and a small zinc finger-like protein (Salvato & Shimomaye, 1989; Salvato et al., 1989; Iapalucci et al., 1989a, b) . The S RNAs of several arenaviruses have been sequenced and shown to have various common features, one being that the nucleocapsid protein (N) and the precursor of the envelope glycoproteins (GPC) are encoded in an ambisense manner (Bishop, 1988) .
N (approximately 63K) is translated from a complementary sense (c) mRNA species encoded by the 3' half of the viral S RNA (Auperin et aL, 1984a, b; Clegg & Oram, 1985; Franze-Fernandez et al., 1987) . GPC (approximately 57K in the unglycosylated form) is translated from a viral sense (v) mRNA corresponding to the 5' half of the viral S RNA (Auperin et al., 1984c (Auperin et al., , 1986 Franze-Fernandez et al., 1987) .
To characterize the genome of Junin virus and to provide fundamental reagents for detailed molecular, pathogenetic and epidemiological studies, we derived cDNA clones from viral genomic RNA. Here, we report the complete nucleotide sequence of Junin virus S RNA, and analyse its genomic organization and relationship to closely and distantly related arenaviruses.
Methods
Virus and cell lines. Junin virus strain MC2 (from the National Institute of Microbiology, Buenos Aires, Argentina) (De Mitri & Martinez Segovia, 1971 ) was plaque-cloned in Vero cell monolayers and stocks were grown in BHK-21 cells (both from the ATCC). When 50% confluent, monolayers were infected with 0.1 p.f.u, virus/cell and incubated at 37 °C in Eagle's MEM containing non-essential amino acids and 10% calf serum. The medium was changed to the above containing 2% calf serum 1 day post-infection (p.i.). Virus was recovered and purified from supernatant media collected every 8 h, 3, 4 and 5 days p.i. (Grau et al., 1981 ; Rosas et al., 1988) .
Preparation of viral RNA. RNA was extracted from virions using guanidinium thiocyanate and purified by ultracentrifugation through a 5-7 M-CsCI cushion by the method of Chirgwin et aL (1979) . The RNA pellet was resuspended in 0.5% Sarkosyl, phenol-extracted, and reprecipitated with 0.3 M sodium acetate and 2.5 volumes of ethanol. The final pellet was resuspended in water and stored in aliquots at -70 °C.
Synthesis and cloning of cDNA. A synthetic oligonucleotide complementary to the 19 nucleotide sequence conserved at the 3' terminus of arenavirus S RNA (Auperin et aL, 1982) was phosphorylated and used to prime cDNA synthesis. The procedure was similar to that described by Gubler & Hoffman (1983) . The double-stranded cDNA was bluntended using T4 DNA polymerase, inserted into the HincII site of the pUC9 plasmid (Vieira & Messing, 1982) and cloned in Escherichia coli strain DH5cc
Screening of recombinant clones was performed by colony hybridization (Grunstein & Hogness, 1975 ) using a short copy cDNA probe . Plasmid DNA was prepared from hybridizationpositive clones, analysed by gel electrophoresis after restriction enzyme digestion and tested by Northern blotting (Maniatis et aL, 1982) .
Since full-length cDNA inserts were not obtained, a sequential cloning strategy was employed to generate overlapping clones encompassing the complete S RNA sequence. To this end, the nucleotide sequence information obtained from the first set of clones was used to synthesize an oligonucleotide complementary to their distal end. This specific oligonucleotide was used to further extend the cDN A using Junin virus S RNA as the template. EcoRI linkers were added to this double-stranded cDNA which was ligated into the EcoRI site of pUClY Screening of recombinants was performed using a nicktranslated restriction fragment derived from the first group of clones. A third set of clones was generated using the same strategy (see Fig. 2 ).
Sequence analysis. The nucleotide sequences of the cDNA inserts were determined by the dideoxynucleotide chain termination method of Sanger et al. (1977) using a modified T7 DNA polymerase (Sequenase, USB). The original cDNA inserts were subcloned into M13mpl8 and -mpl9, and the ssDNAs were used as templates for sequencing (Yanisch-Perron et al., 1985) . The first 929 nucleotides of Junin virus S RNA were sequenced on both cDNA strands using the chemical cleavage procedure of Maxarn & Gilbert (1980) . The 5'end sequence of Junin virus S RNA was confirmed using primer extension with avian myeloblastosis virus reverse transcriptase.
The sequence information was processed on a personal computer using the DNASIS (Hitachi Software Engineering) program and on a VAX computer using the package from the Genetics Computer Group (GCG, Madison, Wis., U.S.A.).
Northern blot analysis. Viral RNA was denatured with 10 mMCHaHgOH and electrophoresed on a 1% agarose gel according to the method of Bailey & Davidson (1976) . The gel was soaked in 14 mM-2-mercaptoethanol and 0.5 ~tg/ml ethidium bromide to check the quality of the RNA preparation, and transferred onto a GeneScreen nylon membrane (NEN) by capillary blotting. The blot was processed according to the manufacturer's specifications and hybridized to different 3'-P-labeUed cDNA probes prepared by nick translation (Maniatis et aL, 1982) or multipriming (Feinberg & Vogelstein, 1983) of the recombinant plasmid DNAs. Northern blots were used to determine the identity of the cDNA clones, which were analysed further by nucleotide sequencing.
Results

Molecular cloning and nucleotide sequence of Junin virus S RNA
Using synthetic oligonucleotides as primers for cDNA synthesis, three sets of overlapping clones were obtained in a sequential strategy, as described in Methods.
One set of cDNA clones was generated using the primer 5' CGCACAGTGGATCCTAGGC Y, complementary to the Y-terminal sequence of arenavirus S RNA species (Auperin et al., 1982) , and shown to anneal specifically to either S or L RNA when analysed by Northern blot hybridization (Fig. 1) .
Based on sequence data reported previously for other arenavirus L and S RNAs (Auperin et al., 1982; Salvato et al., 1989; Iappalucci et al., 1989a) these results probably indicate that the recovery of L RNA cDNA clones was due to the similarity of the 3' end sequences of L and S RNAs . 
Junin virus G P C
The first A U G codon of the v S RNA, found at nucleotides 88 to 90, initiates a long ORF that terminates at an in-frame UAA translational termination signal at positions 1531 to 1533. A second A U G is located seven codons downstream from the first in the same reading frame; however, based on the consensus sequences reported by Kozak (1984) (i.e. CCACCAUGG), the first A U G is considered to be the true initiation codon because a G is found at positions + 4 and -3, and there is also a C at position -2 . The Mr calculated for the 481 amino acid translation product (55 126) is lower than that estimated for the intracellular GPC, which undergoes cotranslational glycosylation (De Mitri & Martinez Segovia, 1985; Rustici, 1984) , by gel electrophoresis. Eight potential N-glycosylation sites are found in the GPC sequence (Fig. 3) . Whether all are used for the attachment of carbohydrate side-chains is not known. Fig. 1 . Northern blot analysis of Junin virus cDNA clones. RNA extracted from purified Junin virus MC2 particles was denatured with 10 mM-CH3HgOH and electrophoresed on a 1 ~ agarose gel (50 ng, lanes l and 3, 500 ng, lanes 2 and 4). The RNA was transferred onto a GeneScreen membrane and hybridized to DNA probes generated by nick translation of plasmids pJUN251 (lanes 1 and 2) and pJUN9 (lanes 3 and 4), representing Junin virus L and S RNA sequences, respectively. Positions of the viral L and S RNAs, as well as the ribosomal RNAs, were visualized by ethidium bromide staining and u.v. illumination prior to transfer onto the membrane.
The nucleotide sequences of some selected S cDNA clones, shown in Fig. 2 , were determined using mainly the dideoxynucleotide chain termination method (Sanger et al., 1977) . In this analysis all the overlapping regions were identical and the complete sequence of Junin virus S R N A contained 3400 nucleotides (Fig. 3) . Primer extension using an oligonucleotide complementary to nucleotides 144 to 195 of the S R N A confirmed the 5' end region of this viral R N A molecule. The size of this RNA species is in agreement with the estimate based on its electrophoretic migration (Afi6n et al., 1976) and coincides with those of other arenaviruses (Auperin et al., 1984; Franze-Fernandez et al., 1987; Auperin & McCormick, 1989) . It has a base composition of 26-6~ A, 21.0~o G, 23"8~o C and 28.6~ U.
Analysis of the nucleotide sequence indicated two open reading frames (ORFs), encoding N and GPC, respectively, arranged in an ambisense manner, a characteristic of arenavirus RNAs. These coding assignments were confirmed by Western blot analysis of the products generated by each ORF inserted into an expression vector and using anti-Junin virus monoclonal antibodies (MAbs) (data not shown).
Amino acid sequence homology of arenavirus GPC gene products
The Junin virus GPC amino acid sequence was aligned with the other arenavirus GPCs as shown in Fig. 4 . Bestfit alignment showed that amino acid sequence identity is concentrated in two regions: 53 residues at the N terminus and the C-proximal half of GPC. Buchmeier et al. (1987) have demonstrated that in the infected cell lymphocytic choriomeningitis (LCM) virus G P C is cleaved at or near the Arg 262-Arg 263 to yield the proteins G 1 (N-terminal half) and G2 (C-terminal half). By analogy, Junin virus GPC should be cleaved at or near the homologous Arg 243-Arg 244 sequence.
The G1 and G2 regions of GPC defined by the dibasic amino acid sequence between positions 243 to 286, depending on the virus, exhibit quite different degrees of sequence similarity. The amino acid sequences of G l show few clusters of sequence conservation among all the arenaviruses, which are concentrated particularly between positions 1 and 53, and 84 and 97.
This sequence comparison shows that Junin and Yacaribe virus G1 sequences are more similar (50~) than those of the other pairs analysed (Table 1) . The 53 N-terminal residues of Junin virus G1 are best aligned with the first 57 residues of the Tacaribe virus G1 sequence. The comparison shows only four non-conservative amino acid changes and an insertion of four amino acids in the Tacaribe virus sequence (Fig. 4) . The sequence similarity is even higher for the G2 polypeptide, where 8 2~ of the amino acids are identical in nature and position (92~o identity when conservative amino acid changes are included). Comparison of the Junin virus G2 sequence with those of the other arenaviruses also shows a high degree of similarity, in the range of 53 to 57%, suggesting that there is less sequence flexibility than in G 1, which is compatible with function conservation. Again, the figures are higher when conservative amino acid changes are included ( Table 2) .
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Four of the putative N-glycosylation sites of GPC are conserved in all the arenaviruses (one in the G1 region and three in the G2). This fact, however, is not necessarily linked with the actual use of these or the other less conserved glycosylation sites. Schwartz & Dayhoff (1979) .
Junin virus N gene
Examination of the c S RNA sequence indicated that the first AUG, at positions 82 to 84 (CAU anticodon, nucleotides 3317 to 3319 in the vRNA sequence presented in Fig. 3) , is most likely to be the true translation initiation codon. It starts a long ORF which terminates at a UAA stop codon at nucleotides 1775 to 1777 (UUA anticodon, nucleotides 1625 to 1627 of the vRNA sequence in Fig. 3 ) and the flanking nucleotides (CTGGCAUGG) conform well to the optimal context for initiation identified by Kozak (1984) . The primary translation product, for which no proteolytic processing has been reported, has a calculated Mr of 63 033, in good agreement with the electrophoretic mobility of Junin virus N (Martinez Segovia & De Mitri, 1977; Grau et al., 1981) .
The net charge of this polypeptide is estimated from its amino acid sequence to be + 14-5 at neutral pH. The net positive charge is a reflection of the relative abundance of the basic amino acids K and R, which are found scattered throughout the primary structure of N. In addition, several clusters of two, three and four basic amino acids are noted with frequencies above average (Fig. 5) .
Comparison of Junin virus and other arenavirus Ns
A best-fit alignment of Junin virus N with those of each of the other New and Old World arenaviruses that have been sequenced indicates a high degree of sequence conservation. Several regions of identical amino acid sequence conserved among all the arenavirus Ns are readily seen in Fig. 5 .
In the same comparison, the similarity between Junin and Tacaribe virus Ns is conspicuous, with very long regions of identical sequence and overall similarity of 76~ (Table 1) . If conservative amino acid substitutions are considered according to the method of Schwartz & Dayhoff (1979) , the similarity increases to 87~ (Table  2) ; any other pair exhibits lower levels of similarity. However, the sequence conservation among all the arenavirus Ns reflects its extensive immunological crossreactivity. Some clusters of conserved amino acid sequences correspond roughly to residues 154 to 163, 194 to 217,232 to 265,295 to 317,453 to 463 and 523 to 534 of the Junin virus N polypeptide (Fig. 5) .
Of the basic amino acids K and R in the Junin virus N, 37 are conserved in the other arenaviruses (48.7~). In particular, a stretch of four basic residues some 60 to 70 residues from the C terminus is conserved among all the arenavirus Ns. The only exception is the Tacaribe virus N sequence, in which KKNKSK is found in the position at which KKKR or KKKK is found in the other arenaviruses.
Intergenic region of Junin virus S RNA
The non-coding region downstream from the translation termination signals for both N and GPC genes (nucleotides 1534 to 1624 ofv S RNA) contains two sets of selfcomplementary nucleotide sequences capable of forming two very stable hairpin loop structures (Fig. 6) . The hairpin closest to the GPC stop codon is formed by 11 GC and two AU pairs (AG -163.2 kJ/mol; Tinoco et al., 1973) ; that closest to the N stop codon is stabilized by 15 GC and one AU pair (AG -239.3 kJ/mol).
The central intergenic regions of the arenaviruses LCM, Lassa, Pichinde and Tacaribe have been reported to form a stable hairpin loop structure Auperin et al., 1984c Auperin et al., , 1986 FranzeFernandez et al., 1987) . In this context, Junin virus S RNA would have an unusual secondary structure. Clegg & Oram, 1985) and LCM virus strain WE (LCM; , and the New World arenaviruses Tacaribe (TAC; Franze-Fernandez et al., 1987) and Pichinde (PIC; Auperin et al., 1984a) with that of Junin virus (JUN; Ghiringhelli et al., 1989) . The similarities among the amino acid residues are indicated as in Fig. 4 , and the reference Junin virus N sequence is printed above the aligned sequences. The basic amino acid residues K and R are highlighted with thick lines above the sequence of Junin virus N.
5" and 3" ends of Junin virus S RNA
The untranslated upstream sequences of the Junin virus GPC and N genes comprise 87 nudeotides of the 5' terminus of the S RNA and 81 nucleotides complementary to the 3' end, respectively. These two regions can be aligned to form a partially double-stranded structure stabilized by hydrogen bonds between complementary sequences (Fig. 7) . Two alternative structures formed by 54 or 56 hydrogen-bonded base pairs possess the most negative free energy of stabilization, calculated to be -242-7 kJ/mol according to Tinoco et al. (1973) . It should be noted that the actual 3' terminus of Junin virus S RNA has not been directly sequenced. However, in view of the fact that the oligonucleotide 5' CGCACAGTGGATCCTAGGC (+) Fig. 7 . Predicted panhandle structure in Junin virus S RNA. The noncoding sequences at the 5' and 3" ends were aligned. The first 19 nucleotides at the 3' end base-pair with the complementary sequence at the 5' end forming a secondary structure that is conserved among the arenaviruses (boxed, AG -158.2 kJ/mol). Complementary nucleotides, indicated by asterisks, held the 5' and 3' ends of this RNA molecule with a stabilization free energy of -242.7 k J/tool (Tinoco et al., 1973) . G-U pairs are also indicated.
annealed to viral S RNA and primed cDNA synthesis efficiently, it is reasonable to assume that the actual nucleotide sequence of the 3' terminus is either identical to the one conserved among other arenaviruses ( . Arenavirus GPC sequence surrounding the cleavage site (RR) that yields the polypeptides G1 (N-terminal half) and G2 (C-terminal half) according to Buchmeier et aL (1987) . Amino acid residues are numbered from the first Met codon of the GPC ORF and include gaps introduced to obtain the best fit alignment. A consensus amino acid sequence was derived from comparison of the aligned arenavirus GPC sequences, grouping the amino acid residues according to Taylor (1987) : hydrophobic (h), hydrophobic aliphatic (1), charged acidic (a), charged basic (b), polar (p); no observation is indicated by a dot and gaps are shown as dashes.
Discussion
The organization and coding strategy of Junin virus S RNA described here is very similar to that of the arenaviruses analysed to date ( The AUG codon nearest the 5' end of the v S RNA starts a long ORF encoding GPC. The other ORF starts at the first AUG codon from the 5' end of the c S RNA) and encodes N (Ghiringhelli et al., 1989) . Both coding assignments have been confirmed using various prokaryotic and eukaryotic expression systems, and by analysing the recombinant proteins by Western blotting with MAbs (Sanchez et al., 1989; R. V. Rivera Pomar et al., unpublished results) .
Relatively extensive amino acid sequence identity has been noted among the homologous gene products of the arenaviruses, although the sizes of GPC may vary considerably.
Using peptide-specific antibodies, Buchmeier et al. (1987) have defined the proteolytic cleavage site of the GPC of LCM virus (Armstrong strain) which produces the structural glycoproteins GP-1 and GP-2; this cleavage occurs after the Arg 262-Arg 263 sequence. This double basic amino acid sequence is conserved in the other arenaviruses, including Junin virus (Arg 243 Arg 244).
By contrast, alignment of the Tacaribe virus GPC sequence with those of the rest of the arenavirus shows only a single Arg followed by a Thr. Nevertheless, Tacaribe virus GPC is proteolytically processed to give a G protein similar in size to other arenavirus G1 or G2 proteins. This fact, taken together with the existence of other dibasic amino acid sequences in non-conserved regions of GPC (e.g. Lys 186-Lys 187 and Lys 319-Lys 320 of Junin virus GPC) and N that are not known to be targets for proteolytic processing, suggests that the double basic amino acid cluster is not an essential feature of the cleavage specificity. Most likely, the protease involved in the processing of GPC requires only one basic amino acid in a sequence context that makes the particular peptide bond accessible. The sequence requirements might include all or part of the predominantly hydrophobic, 23 amino acid sequence conserved in all the arenaviruses, including Tacaribe virus (Fig. 8) .
The fact that only a single G protein has been identified in Tacaribe virions remains intriguing, although this might be the result of the other product of GPC being lost during virion purification procedures.
Extending the analysis to the complete GPC sequence, the high level of amino acid identity in the G2 portion should be noted (C-terminal half of GPC); this increases from 51 to 82~o to 67 to 92~o when conservative amino acid changes are included. These data may indicate that the arenavirus G2 sequences have been conserved for functional reasons. Specifically, it has been suggested that LCM virus GP-2 is a transmembrane glycoprotein that interacts with the nucleocapsid complex inside the virion (Buchmeier & Parekh, 1987) . It is not known whether this interaction occurs through electrostatic interactions with the C terminus of G2 (six Arg, three Lys and four His in the 40 C-terminal amino acids). One could hypothesize that multiple interactions with other structures impose more constraints on sequence variation. The sequence conservation in G2 or GP-2 is also reflected by the reactivity of several MAbs that bind to Old and New World arenaviruses in indirect immunofluorescence assays (Parekh & Buchmeier, 1986; Weber & Buchmeier, 1988) .
Conversely, MAbs directed against GP-1 or G1 (N-terminal half of GPC) are either virus-specific or cross-react only with very closely related, heterologous viruses (Parekh & Buchmeier, 1986; Buchmeier et al., 1981) . This is certainly a reflection of the sequence diversity of arenavirus G l s. However, alignment of the Junin virus G1 sequence with its closest relative, Tacaribe virus, reveals 50~o amino acid identity (69~ similarity if conservative amino acid substitutions are considered), which is probably associated with the cross-protection and cross-neutralization of both viruses with either anti-Junin virus or antiTacaribe virus convalescent sera (Weissenbacher et al., 1976 (Weissenbacher et al., , 1982 .
The Ns of the arenaviruses exhibit extensive sequence conservation, identity ranging from 47 to 76~ and increasing to 64 to 87~o if structurally similar amino acids are also included. The high level of sequence identity is in agreement with the isolation of crossreacting MAbs and the identification of N as the complement-fixing antigen used to define the Arenaviridae family (Rowe et al., 1970; Buchmeier & Oldstone, 1978; De M itri & Martinez Segovia, 1980; Buchmeier et al., 1981) .
A common feature of all Ns is the abundance of the basic amino acids Lys and Arg. Junin virus N contains 76 Lys and Arg residues, and 37 of them are conserved in position in the rest of the arenaviruses. This conservation is probably related to structure and function conservation, and interaction of the positively charged N with the negatively charged viral RNA.
Based on the observation that in the absence of protein synthesis only the subgenomic N mRNA is transcribed from the S RNA template upon infection (FranzeFernandez et al., 1987) , we and others have suggested that N is required for the transcription of a full-length copy of the genomic S RNA. This model would require N to recognize and bind to the intergenic hairpin structures, i.e. the proposed transcription termination signal. In this respect, Junin virus N contains a basic amino acid-rich sequence (RALRKTKRGE) similar to those found in several RNA-binding proteins such as the N anti-terminators of phages 2, 21 and P22, some ribosomal proteins, the human immunodeficiency virus Tat and others (Lazinski et al., 1989) . We are currently investigating the role of N in the transcription/replication process and its regulation.
The non-coding regions of the S RNA sequence of Junin virus exhibit a few interesting features. The Junin virus intergenic region has the ability to form a stable secondary structure consisting of two consecutive hairpins rather than the single one seen in most of the other arenaviruses. While this manuscript was in preparation, a corrected version of the Tacaribe virus S RNA sequence was made available (M. T. Franze-Fernandez, personal communication); this showed two potential hairpin loop structures in the intergenic region. Simultaneously, it was also shown that the intergenic region of Mopeia virus S RNA contains two sets of selfcomplementary sequences capable of forming two hairpin loops separated by 24 non-base-paired nucleotides (J. C. S. Clegg, personal communication) . This type of hairpin loop structure has been shown to function as a termination signal in the transcription of Tacaribe virus L and S RNAs (M. T. Franze-Fernandez, personal communication).
The 5' and 3' non-coding sequences of Junin virus S RNA have the potential to form a partially doublestranded structure (Fig. 7) . The resulting panhandle structure has a stabilization free energy of approximately -242.7 kJ/mol, which compares well with the values calculated for other arenaviruses (not shown), and is sufficient to hold the 5' and 3' ends of the S RNA to produce circular forms of RNA and nucleocapsids, such as those observed by electron microscopy (Palmer et al., 1977; Vezza et al., 1978 ; Young & Howard, 1983) . Other RNA viruses have been shown to contain partially complementary end sequences. In particular, the circular conformation of influenza A and La Crosse virus genomic RNAs has been confirmed experimentally using cross-linking reagents (Hsu et al., 1987; Raju & Kolakofsky, 1989) .
The panhandle structure in influenza A virus RNAs has a relatively low stabilization energy (AG -58-6 k J/tool) and requires protein-RNA interactions to stabilize it. By contrast, the ends of the S RNA of La Crosse virus form a much more stable double-stranded structure (AG -127.2 kJ/mol) which has been shown to exist even in naked RNA. The magnitude of the free energy calculated for the base-pairing of the arenavirus S RNA ends favours the assumption that the predicted panhandle structures actually exist and are the chemical basis for the circular conformation observed in both nucleocapsids and isolated virus RNA (Palmer et al., 1977; Vezza et al., 1978; Young & Howard, 1983) .
The 5' ends of Pichinde, Lassa, LCM and Tacaribe virus S RNAs have been shown to contain the conserved sequence 5' CGCACCGGGGAUCCUAGGC, with an extra G in the case of Pichinde and Lassa viruses (Auperin et al., 1984c (Auperin et al., , 1986 Franze-Fernandez et al., 1987) . Therefore the first portion of the panhandle structures of these four arenaviruses is identical until the end of the sequence shown above; it differs thereafter. On the other hand, the same portion of the 5' end sequence of Junin virus is slightly different from the one described for the other arenaviruses (i.e. 5' UGCAGUAAGGGGAUCCUA-GGC; differences are shown in bold). Nonetheless, the base-pairing with the 19 conserved nucleotides of the 3' terminus yields a structure similar to that in the other arenaviruses sequenced. Primer extension on viral RNA and sequencing of cDNA clones generated independently from a distinct strain of Junin virus confirmed the 5' end sequence.
This unexpected difference, found in a region which was presumed to be more conserved, might indicate that the viral RNA polymerase does not recognize an invariant nucleotide sequence at the 3' end when v or c RNA is used as template. In turn, the sequence specificity could be less stringent or the conserved panhandle secondary structure could be recognized as the RNA polymerase docking signal.
It will be possible to address this question using components generated from recombinant DNA as soon as suitable in vitro transcription-replication systems become available.
Note. While this manuscript was in the review process, a paper describing the S RNA of Mopeia virus was published (Wilson & Clegg, 1991) .
